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Thirteen commercially available oral implant svstems werf> . f . . , 

des,gn and surface topography. The implants Zre 2 d/d 2^ ^ t0 

on their different surface materials and treatments W P° UpS ' de P end '"g 

-th a measurement system for noncontacT.^ p^fc T^ 1 ^ W3S m " d 

microscopy. R esu | ts indicated that des.Vn as welf P"™ 6 ^ us,n g «>nfocal scanning 

considerably between the different impT't l7eLl ^ Va "' ed 

(Im J Oral Maxii.wkac Imhuntts 1993;8:622-633.) ' 


cs.gn arid surface structure arc two of six factors 
proposed by Albrektsson et aP to influence 
bone apposition to an implant Th<* , m ™ .. i 

h «^:j^rr4 

others, Car sson et aP and Maniatopoulos et al ' 
Surface quahty can be cons.dered a combination of 
mec hanicali d SUfface stnjcture D . ffer 

Kascmo and Liusmaa,' and Chchroudi et al • Ba.cr c't 
ai were the first to point out the importance of hieh 
surface energy for improved .mplant acceptan e ? a 
least vnth respect to soft tissue attachment Recently 


^plants trc.ited 
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v discharge exhibited the 


with radiofrcquency ^ 

t o'hara'5rc^r ha i^ nfound 

surface,-- To be ab e 0 n st Z and "eh " 
ize an nnt.n,,! r "ivcsngate and character- 

an optimal surface structure, there is need for Jn 
approbate method. Previously such 3 Ztul l u 
been lacking, especially in Z 'll f ^ hu 

imolanK In lu ? . X . CaSe of scr ™-shaped 
"rf ce roi, n ^ 3 ™ th °d for 

a, bv W ? I' Charactcrizatl °n. described in de- 
tail by VVennerberg et al " h?c k„„ , ^ 
"•stem. TopScan 3D LJl , UMd The 
Hr.VWh„ r (Heidelberg Instruments 

He.delberg Cermany), ls an t]ca! fi , ts - 

d.mens.onal measurements in the am range The 

d P eTn C an° ^ ™ * ^ 

dcs.gn and characterize, in qualitative as well a , 
quantitative detail, the surface structure o 13 d fe 
-t commercial.,, available oral implant systems 
Materials and Methods 


'bed for 1 3 oral endos- 
:ommerciallv available 
The implants (eight 


•Surface topography was dc 
seous implant systems, a 
from different manufactui 

mat cS SPCCt t0 fhe,r d,fferent surface 

Croup A Hvdroxvapatitc (HA)-co 3 ted ,mplants 
group consisted of six cylindrical systems' ' 


mp/u, 


' some 
implants 


Croup «. Titanium „|, (m | 

Some of the implant, lv„J scre ^ s i " a P ed "^plants. 
For example, CoTc Vc D 'f?' des 'S n -nations 
Encmo, CA) ls a Z n ( , Dcn ^ '^nt Division, 
breads toJrd th e 2 n'th '^T W " 

measure th/diam^ A^T'" ™ 

and p.tch heights wc c I ' P C ° re d,ame " 
the cylindrical and a oTTh '^f^ for thrcc of 
These measuremen t t^T^T" 'P"'™" 5 
«*« on every i mp n 7 ^ ^ ed « 3 different 
calculated. Furthermore t , mC3n Va,uc 

gles, profile draw,™ e ° £ " CU ' ate ^ge an- 
»d of three cylind^ s £ m ^ ^ ^ 

Surface tODOeranh.V A madc - 
"g ^e ToplT fc1S P ? Perf0 - ed «- 
™nt specially develop 0 ' s : r t r " ° P " Cai 

eous,^ m'easurfn the ^VcS'T" 5 * limu,ta - 
- coordinate PosLn (x z f 0 T th '' ght and 

a high depth resoL ,o n (0^^ ^ 
Jht reflected from the focal plane I' $ T ^ 
lector for f urch er C ol! l ' " the P° ,nt 
Jde form com Pufcr evaluation.^ To cv 

-s,an Ster"" Js aV u' s n ed SS ^ ^ 
The measured area in 3 li - 

t u«ful to mea„i H i UrC ° f the _ ob l"ts, 


nerberg e 


h T&cWsh.ped,.,,, 

^'-"••" ds -t.on, .,nci i,< 
Hangc. one thrcacl-t„,> 
measured. Sea 


n / direction. The 


ining v , 


to 108 nm. "The "nuXVof 3 ' ^ ^ W3S 
fered, depending on im D 7 a „! /• mC £ urcd 3rca * 
'P-mens werf ^eZed Z ^ 

•chon both perpendicula^o 1h T 'T™'^ 
of the implan't. The o J ec " as M § ^ 

other s,de. Thus a total of P " P Crfor ™d on 
^ every cvhnder t° '-."^"urcmenrs were 

' obtained. In those cases the TuST™"* 
measured ,n the furrow ■„ H,„ i T structure 
a " d top of the S cr " t r H 0 '"- m ' dSCC - 
t'on as described above Tim ' , 
Jd 't.ona, I2measureme,us PPr ° ath,,W0 '^ 


pl.inrs-wc-rc mcaVjrcd on the 
'"on,, and for each she one 
y "d one thrcad-vallcv were 
performed in the x as well as 
measured the ' s^Zv^u '"T' ar0und and 
procedure provided a total of / ° " ^ Thls 
each screw. F or one cvlindn, It measurc ments for 

(D-spiy fmp,a n r£ ts Z M ' cro - v r 

«n a l grooves and loneitudiJ c "eumfer- 
measurcments were mad WS ' add,tl 'onai 

wth screws and w,th the ZLT™? sin "' ,ar to tha t 
At ^ a ' of W.^S^^f-now,. 
icemen. With the CorcV cnf Z I ^ ° n (h,s 
m d er w,th some threads) a C ombma an r ,gn (cy '" 
ment routines for screw ' LTr, T °" ° f me3 ^- 

of 46 me.surcmcnts t? '^r" ^ USCd A 
implant. rc P cr formcd on this 

p^'Kch% a h n e t T s s s n program were 

^riphon. the follow,nP surface rn U " Umcncal d c- 
were used: § 3CC rou g h ness parameters 

R jk -skewness th, g ' measured in |xm. 
about the mean ^ tLT^ °' the P™^ 
heght distribution and , ? " Sha P e of tfl - 

^--kurtosis, a measure of the «K 
the surface profile not specific sha rpness of 

height d,strib u t I0n has f i "V"'^ A Ga ™<™ 


n units. A 
u many peaks as 


ln § between local pea ks 
account their relative a mpl,t L 
,al tre quencies, measured in 

Results 


Ei'en for the naked ew A (t 

ture were obvious between TT SUffaCe 5t '^ 
plarits. Without- ^ 0Ur g rou P s of im- 

m'ent. ,t is ™ re dTT* measure ment equ.p- 
specimens ,n the S a t0 SCparatC the di "'™ 

roughness. The TooScan Tn P W ^ '? PCCt t0 surfacc 
P^uce v ,sual ZllT^^^^^^ 
§ es 3nd numerical analyses for 


Table 1 A Comparis 


i 13 Different Oral Implant Systjms With' Respect to -7 Different Surface Roughness Parameters 


32/51 
6.42 

38.41 


22.92 
19.08 


Croup 8 

Mean value 


10.08 

27.51 
8.42 

20.28 


12.05 
10.74 


each nf the implant systems. The presentation also 
included photographs and the measured (by authors) 
length and mean value for diameter (0); figures for 

0 in parentheses correspond to the information 
written on the implant package. Finally, a profile 
drawing is included for the screw-shaped implants 
and for three of the cylindrical implants with a 
special design. Table I provides the values for seven 
surface roughness parameters and a comparison be- 

1 ween the different implants. The skewncss parame- 
ter was similar for all implants auckin all cases, except 
for the Bio-Vent (Dentsply Implant Division I im- 
plant, which was slightly negative. This indicates that 
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there were a few more valleys than there were peaks, 
but according to Thomas, H skewncss values of less 
than ± I are probably not significant. All other 
parameters used differed considerably from implant 
to implant. 

Croup A. The HA-coated implants included six 
cylindrical implants and these had the highest sur- 
face roughness. This group was very unhomogencous 
with respect to design and surface structure. Ostco- 
bond (Strykcr Oental Implants, Kalamazoo, Ml) was 
the roughest of all examined implants. The IMZ 
llntcrpore International, Irvine, CA) HA-coated im- 
plant had roughness figures similar to those of the 



Ostcobond. These two implant designs differed 
markedly from the others. The Calcitek (SULZER- 
medica, Carlsbad, CA) HA-coated design had the 
smoothest surface, with a dense texture but not as 
high peaks and low vallevs as the Osteobond. Im- 
plants included in this group were the following. 
1. Osteobond root implant is an HA-coatcd cylinder 
with a conical head and a slight cone angle at the 
body, having six circumferential deep grooves with 
four longitudinal furrows in the "apical" part. The 
specimen measured was 8 mm in length. Diame- 
ter (0) at the central part of the implant was 4 
mm (4 mm) and the core diameter was 2.9 mm. 
The pitch height was 1 mm. This implant did not 
have a uniform Range angle and every groove had 
a different value, as is obvious from Fig 1. The 
Osteobond implant had the roughest mean value 
R a , 2.94 u.m, and the second highest value for R t , 
which was 32.52 u-m. The \ q was 24.3 u.m, the 
highest value of this studv, indicating that this 
implant design had the most open surface struc- 
ture of all specimens examined. 

2. IMZ is an HA-coated cvlinder. with a length of 13 
mm and 0 = 3.3 mm (3.3 mm) (Fig 2). Tins 
implant had the second highest mean value for 
surface roughness, R, = 2.76 u.m, and the highest 
value measured from the highest top to the lowest 
valley; R, = 38.41 ^m. The value for \ (| was 22.92 
u.m. indicating a rather open surface structure 
compared to the other implants included in this ' 
study. 

3. Micro-Vent is an HA-coatcd cvlinder with a par- 
ticular design and varying diameter. This implant 


has two longitudinal furrows, a length of 16 mm 
0 = 3.28 mm (3.25 mm), core diameter of 2.68 
mm and pitch height of 1.0 mm, maximum radial 
diameter of 0.32 mm, and minimum radial diam- 
eter of 0.25 mm (Fig 3). This implant exhibited a 
rougher and more open surface structure than did 
the Impla-Mcd (Impla-Mcd. Sunrise, FL) and 
Calcitek implants. R, value for Micro-Vent was 
1.89 u.m, R, = 22.08 u.m, and X = 19.08 |im 

4. Bio-Vent is an HA-coatcd cvlinder with three 
longitudinal furrows, length = 13 mm and 0 = 
3.6 mm (3.5 mm) (Fig 4). The R, value was 1.76 
u.m, R, = 20.68 u-m, and \ M = 18.32 u.m 

5. Impla-Med is an HA-coated cylindrical implant 
with length = 13 mm and 0 = 3.3 mm (3.3 mm) 
(Fig 5). Values for the surface roughness were 
slightly higher than those of the Calcitek. Values 
for R 3 , R„ and X q were 1.69, 20 09, and 16.96 u.m, 
respectively. 

6. Calcitek is an HA-coatcd cvlinder with a length of 
13 mm. 0 = 3.17 mm (3.23 mm (Fig 6). The 
Calcitek implant had the smoothest surface 
among the HA-coatcd implants, even though it 
was rough compared to the commercially pure 
titanium implants. Values for R„ R,, and \ q were 
1.59, 16.26, and 15.43 jxm. respectively. 

Croup B. Only I of the 1 3 implants in this study 
had a titanium-plasma-spraycd surface. 

7. IMZ, a titanium-plasnia-spravcd implant cvlinder, 
had length = I I mm and 0 = 4.0 mm (4.0 mm) 
(Fig 7). R n = 1.82 ixm and R, = 25.9 u.m. The 
surface structure was more closed than the struc- 
ture of the Osteobond and IMZ HA-coated im- 
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investigation. This surface structure was 
of the commercially-pure tita- 


'. >t-MiniPlant (31 Implant Innovations. Palm 
Beach. FL). a screw-shaped implant with 
length = |() mm, 0 = 2.9 mm (-2:9 mm), core 
diameter = 2.48 mm, pitch = 0.6 mm. flange an- 
gle = 60 degrees, and a truncated thread top and 


bottom (Fig 10). The smoothest of all implants in 
this study (R, = 0.41 am. R, = 9.53 am. and 
K t = I I '4 ami, it represented the second most 
closed surface structure of all 1 3 implant designs. 
Group D. Three implants, all screw-shaped, were 
made of commercially pure titanium. As a group, 
these were the smoothest implants in this studv with 
R, values from 0.53 to 0.67 am. The implants in this 



group all exhibited a similar surface pattern, with 
grooves perpendicular to the long axis of the screws. 
II. 31. a standard threaded implant with length = 
13 mm. 0 = 3.72 mm (3.73 mm I. core diamc- 


tcr = 3.12 mm. pitch height = 0.6 mm. and 
flange angle = 60 degrees. The thread top is 
truncated and the bottom rounded off with a 
radius of 0.03 mm (Fig II). The roughest im- 
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!. Nobelpharma (Nobelpharma AB. Coreborg, Swe- 
den), a self-threaded implant with length' = 10 
mm, 0 = 3.71 mm (3.75 mm), core diameter 
- >.09 mm, pitch height = 0.6 mm. and flange 
angle = 60 degrees. It has a rounded thread tor5 
and bottom, with a radius of 0.05 mm (Fig 13) 
R, = 0.53 nm. R, = 9.69 p, m , and \ = 


Discussion 

Although several studies have suggested that a rough 
surface is preferable for bone apposition, negative 
consequences of substantial surface irregularity can- 
not be disregarded. When increasing surface area, 
there is simultaneously a risk for increased ion re- 
lease, as indicated by Osborn et al," These authors 


nstnitcd no less Hum 1 ,60()J ppm' titanium' in* 
win canals adjacent to \M7, impCmts, orf £>f 
Highest designs (if the present study. Further- 
primary stability could be negatively influ- 


arfac. 


ich 


could counteract the stabilization of the implant, 
known to be essential for implant fixation.'*' The 
"ideal roughness" of an implant with respect to 
long-term function remains to be described. Not only- 
roughness as such, but the kind of roughness and 
local dimensions of the rough surface have been 
suggested as important for bone apposition to an 
implant. Wilkc et al" found when comparing six 
groups of different surface structures that the highest 
required removal torque was needed for the acid- 
treated screws with a rough surface. They discussed 
the importance of this chemical modification of a 
rough surface. In an in vitro study. Bowers et al'" 
found significantly higher levels of attachment of 
ostcoblast-likc cells to a rough sandblasted surface 
with irregular morphologies when compared to 
smooth and regular surfaces. 

In view of these studies, wc have included not only 
height-descriptive surface roughness parameters but 
also space-descriptive parameters in our study. 
Which of the surface roughness parameters that will 
best describe and predict the outcome of an implant 
is not known. Therefore, as many as seven different 
parameters have been used. The A q and X q describe 
the openness and closeness of the whole surface; 
whereas the five other parameters used are height 
descriptors. Applications and disadvantages have 
been well clarified by Thomas.''' Both in two- and 
three-dimensional measurements of surface rough- 
ness, no useful deduction can be made if wavincss 
and errors of form are excluded.'" The short wave- 
lengths of the profile define the roughness, while the 
lo.ngcr ones define wavincss and form. In the two- 
dimensional situation, the cutoff length works as a 
filter, and well-established international standards 
exist. In the three-dimensional situation, no stan- 
dards exist, and cutoff length becomes a cutoff area, 
which may van- in size and shape. This will influence 
the parameter values, and specification of filter 
choice and filter size is essential if measurements 
with one type of equipment are to be compared with 
those made with another. In the future, there will be 
a need for some kind of agreement about evalua- 
tion of different measurements made by different 
equipment. 

Results from this investigation showed that surface- 
structure varied among the different implants. The 
six llA-eoatcd implants in Croup A exhibited great 
variation. Two. the Ostcobond and IMZ implants, 
were most rough, as evidenced in all applied surface 


. jroyglyics-J ^wjitfctfc-rs* J^^- Ifi^Vcnt, Impla-Mcd, 
„ 'and C;jlcit"ck djsigus shQ,w,c*d ^tTar roughness mea- 
sures, but these implants were much smoother than 
the Ostcobond and the IMZ. The great variance in 
surface topography among the HA-coatcd specimens 
is best explained by differences in the type of HA 
coating. The three titanium-alloy implants also ex- 
hibited a great difference in surface structure. Corc- 
Vent had a considerably rougher surface than the 
Screw- Vent and the 31 Miniplant, the latter two 
being similar to the commercially pure titanium 
group. The three screws made of commercially pure 
titanium showed a more homogeneous surface struc- 
ture when compared to' the other groups. The small 
differences that exist in this group may be explained 
by different manufacturing protocols and varying 
sharpness of the cutting tools. The implant system 
having the most optimal surface is not possible to 
-> ' ■ stigati( 


i. However, with the 


surface-analyzing method used, wc arc now able to 
separate implants with respect to surface topography, 
even for implants that appear similar to the naked 


Summary 

The results from this investigation show that 13 
different implants varied considerably in surface to- 
pography, not only among the different groups, ic, 
implants manufactured with the same kind of mate- 
rial, but also among different samples in the same 
group. Only one implant from each system was 
investigated in this study. One must be concerned 
about the variability which exists among such spec- 
imens, and thus whether or not the study results can 
be generalized to any larger population. This factor 
could be regarded negatively, but with the high 
number of measurements performed, we think reli- 
able mean values for the different surface roughness 
parameters have been produced. However, even such 
relatively small differences that exist in surface 
roughness among implants in the commercially pure 
titanium group, such as the 31 standard screw and 
the Nobclpharma, could well result in differences in 
tissue responses. There is a great need for further 
studies in this area. To automatically regard different 
implant systems, obviously varying with respect to 
design and surface roughness, as capable of produc- 
ing the same clinical results is without |ustification. 
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eingeteilt. Die Oberilachemopogrjphy wurde 
mit Hilfe eines koni'okalen Scannermikroskops 
zur proWometrischen Obenlachenmessung 
bestimmi. Die Ergebnisse deulen an. diss 


Los implantes fueron divididos en 4 g 
dependiendo de los diferentes materi 
superficie y de los tratamienios de la 
Para medir la lopografia superficial se 


